Phenolics in food and agricultural processing by-products exist in the soluble and insoluble-bound forms. The ability of selected enzymes in improving the extraction of insoluble-bound phenolics from the starting material (experiment I) or the residues containing insoluble-bound phenolics (experiment II) were evaluated. Pronase and Viscozyme improved the extraction of insoluble-bound phenolics as evaluated by total phenolic content, antioxidant potential as determined by ABTS and DPPH assays, and hydroxyl radical scavenging capacity, reducing power as well as evaluation of inhibition of alpha-glucosidase and lipase activities. Viscozyme released higher amounts of gallic acid, catechin, and prodelphinidin dimer A compared to Pronase treatment. Furthermore, p-coumaric and caffeic acids, as well as procyanidin dimer B, were extracted with Viscozyme but not with Pronase treatment. Solubility plays an important role in the bioavailability of phenolic compounds, hence this study may assist in better exploitation of phenolics from winemaking by-products as functional food ingredients and/or supplements.
Introduction
Grapes and their derived beverages are important sources of food phenolics (da Silva et al., 2016; Tao et al., 2016) . However, winemaking generates a large amount of by-products (e.g. skins and seeds). These by-products serve as rich sources of phenolics belonging to several classes of compounds such as phenolic acids, flavonoids, including anthocyanins, as well as proanthocyanidins (Cheng, Bekhit, McConnell, Mros, & Zhao, 2012; de Camargo, Regitano-d'Arce, Biasoto, & Shahidi, 2014) .
Phenolic and/or polyphenolic compounds have attracted much attention due to their wide range of potential health benefits, as substantiated by both in vitro and in vivo studies Vicente, Ishimoto, & Torres, 2014) . The role of food phenolics in preventing degenerative, vascular and heart disease and as anti-inflammatory and antimicrobial agents have also been reported (Alasalvar & Bolling, 2015; . Additionally, phenolic compounds may play an important role in amiliorating certain types of cancer, including colorectal cancer . The chemical structures of these molecules are as important as their detection and concentration, which may reflect in a different correlation between a particular molecule and its activity.
Phenolic compounds are present in the soluble (free and esterified) and insoluble-bound forms, the proportion of each one depends not only on the starting material but also on their cultivar and an eventual processing to which they are subjected. For example, the esterified phenolics from lentils were generally in higher amount, but some cultivars also showed higher content in the fraction containing insoluble-bound phenolics (Alshikh, de Camargo, & Shahidi, 2015) , whereas berry seed meals had higher content of insoluble-bound phenolics (Ayoub, de Camargo, & Shahidi, 2016) . Peanut skin submitted to gamma-irradiation had increased free and insoluble-bound phenolic contents upon processing (de Camargo, Regitano-d'Arce, Gallo, & Shahidi, 2015) . As antioxidants, phenolic compounds may counteract oxidative reactions in food subjected to treatments such as gamma irradiation and pasteurization as well as during long-term storage, which may affect its shelflife and sensory characteristics (da Silva et al., 2014;  al., 2012a). Furthermore, biologically relevant molecules such as lipids, proteins, lipoproteins and DNA may also be protected from oxidatively reactive compounds.
In a previous study at this department (de Camargo et al., 2014) , it has been demonstrated that, regardless of the process (juice or winemaking), insoluble-bound phenolics were major fractions in grape processing by-products. The same study also provided evidence about the dominant benefits of insoluble-bound phenolics of grape by-products in inhibiting copper-induced human LDLcholesterol oxidation and peroxyl radical-induced DNA strand breakage. These results demonstrated the potential of the insoluble-bound phenolics from winemaking by-products as their major source of bioactive compounds.
Enzyme-assisted extraction has been regarded as an alternative method for improved extraction of food phenolics (Montella et al., 2013; Papillo, Vitaglione, Graziani, Gokmen, & Fogliano, 2014) , especially the insoluble-bound phenolics, which are linked to carbohydrates and proteins of cell wall matrices. However, to the best of the authors' knowledge, there is no literature providing the effect of enzyme-assisted extraction on the ratio of soluble to insoluble-bound phenolics from winemaking by-products although this has been reported for germinating lentils by Yeo and Shahidi (2015) . Thus, in the present study, winemaking byproducts (cv. Tempranillo) were treated with Pronase and Viscozyme to improve the solubility of phenolics present in the sample. The effects were studied based on the change in the distribution pattern of soluble/insoluble-bound phenolics as well as their chemical profile, antioxidant properties (antiradical activity) and reducing power. The resultant products were also evaluated for their effect in deactivating alpha-glucosidase and lipase, which have a key role in the prevention and management of diabetes and obesity, respectively.
Material and methods
Winemaking by-products (cv. Tempranillo) were kindly provided by Santa Maria Winery (Lagoa Grande, Pernambuco State, Brazil). Hexane, acetone, diethyl ether, ethyl acetate, methanol, acetonitrile, formic acid, hydrochloric acid, sodium hydroxide, potassium persulfate, sodium chloride, trichloroacetic acid, sodium carbonate, dimethyl sulphoxide and Tris base were purchased from Fisher Scientific Ltd. (Ottawa, ON, Canada). Pronase, Viscozyme, alpha-glucosidase from Saccharomyces cerevisiae, and type II crude porcine pancreatic lipase, catalogue numbers P5147, V2010, G5003, and L3126, respectively, as well as Folin Ciocalteau's phenol reagent, DPPH, ABTS, mono-and dibasic potassium phosphates, hydrogen peroxide, DMPO (5,5-dimethyl-1-pyrroline-N-oxide), ferrous sulphate, potassium ferricyanide, ferric chloride, Trolox, p-nitrophenyl b-D-glucopyranoside, p-nitrophenyl octanoate, caffeic, gallic, and p-coumaric acids, catechin and epicatechin were purchased from Sigma-Aldrich Canada Ltd. (Oakville, ON, Canada).
Effect of enzyme treatment on the starting material (Experiment I)
The first experiment was designed to study the effect of pretreatment of selected enzymes on the soluble/insoluble-bound phenolic ratio and in vitro bioactivity. The second experiment was carried out to evaluate the effect of enzyme treatment on the yield and identity of phenolics remaining after extraction of its soluble counterpart. The effect of enzyme treatment on the in vitro bioactivity was also evaluated. In short, the extraction of soluble phenolics was carried out with 70% (v/ v) acetone as described above, and only the dry residue remaining after this extraction was treated with Viscozyme or Pronase, using the aforementioned conditions. After enzyme treatment the resulting slurry was acidified to pH 2 with 6 M HCl. Phenolics released from their insoluble-bound form upon enzyme treatment were then extracted with diethyl ether and ethyl acetate (1:1, v/v), and reconstituted in HPLC-grade methanol. To compare results, an alkali hydrolysis was carried out as described above. Thus, three different extracts were obtained in this experiment (phenolics released from their insoluble-bound form upon Viscozyme, Pronase, and NaOH treatment).
Total phenolic content (TPC)
The TPC (Swain & Hillis, 1959) was evaluated using the same procedure and equipment as described elsewhere (de Camargo, Vidal, Canniatti-Brazaca, & Shahidi, 2014) . The results were expressed as milligram gallic acid equivalents (GAE) per gram of defatted samples.
HPLC-DAD-ESI-MS n analysis
HPLC-DAD-ESI-MS n analyses were conducted to investigate the effect of Viscozyme and Pronase treatments on the residue remaining after extraction of soluble phenolics. This allowed for the positive, or tentative, identification and quantification of major phenolics as affected by each treatment. The extract obtained using alkali extraction was also evaluated. This approach was chosen to examine the effects of enzyme treatment on the fraction containing insoluble-bound phenolics and individual components present, lending further support to the findings from the first experiment. The analyses were performed using an Agilent 1100 system equipped with a G1311A quaternary pump, a G1379A degasser and a G1329A ALS automatic sampler, a G1130B ALS Therm, a G1316 Colcom column compartment, A G1315B diode array detector (DAD) and a system controller linked to Chem Station Data handling system (Agilent). Separations were conducted with a SUPERLCOSILTM LC-18 column (4.6 Â 250 mm Â 5 lm, Merck, Darmstad, Germany). HPLC-ESI-MS n analysis was carried out using an Agilent 1100 series capillary liquid chromatography/mass selective detector (LC/MSD) ion trap system in electrospray ionization (ESI) in the negative mode. The data were acquired and analyzed with an Agilent LC/MSD software. Details of the method have been published elsewhere .
ABTS radical cation scavenging activity
The ABTS assay (Re et al., 1999) was conducted using the method and equipment, as described elsewhere (de Camargo and Vidal et al., 2014) . The results were expressed as lmol of Trolox equivalents/g dry weight of defatted samples.
DPPH radical scavenging activity
The ability of phenolic extracts in scavenging DPPH radical was evaluated using a Bruker E-Scan electron paramagnetic resonance (EPR) spectrophotometer (Bruker E-Scan, Bruker Biospin Co., Billerica, MA). Experimental procedure and equipment parameters were the same as those described by de Camargo and Vidal et al. (2014) .
The results were expressed as lmol of Trolox equivalents/g dry weight of defatted samples.
Hydroxyl radical scavenging activity
Phenolic extracts were tested for their scavenging activity against hydroxyl radicals. The extracts were removed from their original solvent (methanol) under a stream of nitrogen and diluted in 75 mM phosphate buffer, pH 7.2 (Ambigaipalan, Al-Khalifa, & Shahidi, 2015) . A Bruker E-Scan electron paramagnetic resonance (EPR) spectrophotometer (Bruker E-Scan, Bruker Biospin Co., Billerica, MA) was used. The method details have already been published (de Camargo and Vidal et al., 2014) and the results were expressed as lmol of catechin equivalents/g dry weight of defatted samples.
Reducing power
The reducing power assay (Oyaizu, 1986 ) was carried out as described elsewhere (de Camargo and Vidal et al., 2014) . Trolox was used to prepare the standard curve and the results were expressed as lmol of Trolox equivalents/g dry weight of defatted samples.
Inhibition of alpha-glucosidase activity
The ability of phenolic extracts in inhibiting the activity of alpha-glucosidase was evaluated according to the method of Eom et al. (2012) , using p-nitrophenyl b-D-glucopyranoside as a substrate. In this assay, alpha-glucosidase hydrolyzes p-nitrophenyl b-D-glucopyranoside to generate glucose and p-nitrophenol. The latter one is used for quantification purposes (chromogenic substance). Alpha-glucosidase solution (10 units/mL) was prepared in 0.1 M potassium phosphate buffer (pH 6.8). The enzyme solution (5 lL) was mixed with 10 lL of phenolic extracts (50 mg/mL), and an aliquot of 0.1 M potassium phosphate buffer was added (620 lL). The mixture was incubated at 37°C for 20 min and 10 mM p-nitrophenyl b-D-glucopyranoside (10 lL) was added to initiate the reaction, which was followed by incubation at 37°C for 20 min. The reaction was terminated by the addition of 1 M sodium carbonate solution (650 lL). The absorbance was read at 410 nm using an Agilent diode array spectrophotometer (Agilent 8453, Palo Alto, CA). Blanks devoid of enzyme (added by phosphate buffer) were prepared for background corrections. The control consisted of all solutions but the phenolic extract. The percentage of inhibition activity was calculated using the following equation: Alpha-glucosidase inhibition ð%Þ ¼ ðAbs control À Abs sample Þ=ðAbs control Þ Â Ã Â 100
Inhibition of lipase activity
The inhibition of activity of phenolic extracts towards lipase was evaluated as described by Marrelli et al. (2012) , using pnitrophenyl octanoate (NPC) as a substrate which, in the presence of lipase, liberates p-nitrophenol and octanoic acid. As mentioned before, the former chromogenic substance is used for quantification purposes. Type II crude porcine pancreatic lipase was used at a concentration of 5 mg/mL. The substract (NPC) was prepared in dimethyl sulphoxide to achieve a concentration of 5 mM. Phenolic extracts (100 lL) were mixed with 4 mL of Tris-HCl buffer (pH 8.5) and enzyme solution (100 lL). After incubation at 37°C for 25 min, NPC (100 lL) was added and incubated again at 37°C for 25 min. The absorbance was read at 412 nm using an Agilent diode array spectrophotometer (Agilent 8453). Blanks, devoid of enzyme (added by Tris-HCl buffer), were prepared for background corrections. The control consisted of all solutions but the phenolic extract. The percentage of inhibition of activity was calculated using the following equation:
Lipase inhibition ð%Þ ¼ ðAbs control À Abs sample Þ=ðAbs control Þ Â Ã Â 100
Statistical analysis
Unless otherwise stated, the statistical analysis was randomized with three replications, and the results were analyzed using ANOVA and Tukey's test (p < 0.05) and SPSS statistics 21 for Windows (SPSS Inc., Chicago, IL). The correlation analyses (p < 0.05) were carried out using the same software.
Results and discussion
3.1. Effect of enzyme treatment on the starting material (Experiment I) 3.1.1. Total phenolic content (TPC)
The TPC was found to positively correlate with the inhibition of copper-induced human LDL-cholesterol oxidation and by both hydroxyl and peroxyl radical-induced DNA strand breakage (Ayoub et al., 2016; . Thus, TPC may reflect the ability of food phenolics to prevent atherosclerosis, associated cardiovascular diseases and certain types of cancer. The TPC of samples (starting material) subjected to Pronase (Table 1) and Viscozyme (Table 2 ) treatment demonstrated that both enzymes affected the content of soluble and insoluble-bound phenolics, which was noted by an increase in the ratio of soluble to insoluble-bound phenolics. Soluble phenolics can be readily absorbed, whereas insoluble-bound phenolics remain available for microbial fermentation in the lower gut (Chandrasekara & Shahidi, 2012) . Thus, the increase of soluble phenolics may have a practical impact on the role of phenolics in the human body.
Antiradical activity and reducing power
Pronase and Viscozyme may serve as alternatives for extracting phenolic antioxidants from different sources (Montella et al., 2013; Papillo et al., 2014) . The presence, number and configuration of the hydroxyl groups may have an important effect in biochemical reactions such as those involving single electron transfer and hydrogen atom transfer, which are related to the ability of phenolic compounds in deactivating reactive oxygen species (ROS) and/or metal ions (Ayoub et al., 2016; . Different assays might render different results, which stem from the mechanisms by which they are operate. Therefore, besides TPC, the antioxidant activity was evaluated using ABTS, DPPH assays, and antiradical activity against hydroxyl radicals in the present study. Furthermore, the reducing power was also evaluated.
The effect of Pronase and Viscozyme pre-treatment is shown in Tables 1 and 2 , respectively. Phenolic extracts obtained from the samples treated with selected enzymes demonstrated activity using all methods but, most importantly, the results lend support to the change of the ratio noted between the fraction containing soluble and insoluble-bound phenolics, which increased upon enzyme treatment of the starting material. A representative demonstration of the effect is shown in Fig. 1 , as evaluated by the ability of the phenolics extracted from the control (devoid of enzyme) and the starting material pre-treated with Pronase in scavenging hydroxyl radicals. The same trend was observed when the starting material was treated with Viscozyme. The higher the EPR signal, the lower the scavenging activity. Hydroxyl radicals are unstable and highly ROS, they can cause DNA damage, lipid and protein oxidation. Furthermore, these ROS are related to cell damage, cancer development, inflammation and heart disease.
The results obtained with DPPH, ABTS, and reducing power methods have been shown to correlate with the concentration of specific phenolics found in grapes such as catechin, quercetin, epicatechin gallate, kaempferol hexoside, and procyanidin dimer B . Gallic and caffeic acid as well as catechin, epicatechin gallate, and procyanidin trimer C were positively correlated with the scavenging activity towards hydrogen peroxide . Caffeic acid, quercetin and procyanidin dimer B correlated with ORAC assay results (Ayoub et al., 2016) , which demonstrates the ability of phenolic extracts in scavenging peroxyl radicals. Therefore, the change in the antioxidant activity and reducing power found between soluble and insoluble-bound phenolics may be explained not only on the basis of TPC, but may also be related to specific phenolics extracted upon pretreatment with Pronase and Viscozyme.
Inhibition of alpha-glucosidase and lipase activities
Different medicines are available to manage diabetes and obesity; however, their use may result in a wide range of side effects. Furthermore, in some countries, like Brazil, medications such as anti-hyperglycaemics are provided by the government, which may become a national economic burden. Phenolic compounds have shown inhibitory activity towards alpha-glucosidase and lipase which are key enzymes regulating the absorption of glucose and triacylglycerol, respectively, in the small intestine (Zhang et al., 2015) . Thus, the inhibition of both these enzymes was used as a biological model system in the present study.
The inhibition of phenolic extracts towards alpha-glucosidase and lipase activities is shown in Fig. 2A-D . The inhibition percentage of soluble phenolics against alpha-glucosidase activity increased from 75.6 ± 2.5-93.7 ± 0.5 in samples treated with Pronase and from 84.5 ± 0.5-96.5 ± 2.9 in samples treated with Viscozyme. A concurrent decreasing trend was noted in the ability of insoluble-bound phenolics towards alpha-glucosidase. As mentioned before, alpha-glucosidase plays an important role in the absorption of glucose; therefore, the increase in the extraction of soluble-phenolics, which are readily absorbed in the small intestine, may have a positive impact on the prevention and/or management of type 2 diabetes.
In accordance with the results found about the inhibition of alpha-glucosidase, an increase in the percentage of inhibition of lipase activity from 35.2 ± 0.2-45.5 ± 1.2 was observed in samples pre-treated with Pronase and from 86.2 ± 0.3-94.3 ± 1.5 upon Viscozyme pre-treatment. Obesity is associated with metabolic syndromes and heart disease, thus reducing life quality and expectancy. Pancreatic lipase is responsible for the hydrolysis of triacylglycerols, generating glycerol and fatty acids (Zhang et al., Table 1 Effect of pre-treatment with Pronase on the total phenolic content, antioxidant activity, and reducing power of soluble (S) and insoluble-bound (IB) phenolics of winemaking by-products. 2015). Since lipase activity is related to the absorption of triacylglycerols (Badmaev et al., 2015; Zhang et al., 2015) , the increase in the inhibitory activity of the fraction containing soluble phenolics upon Pronase and Viscozyme pre-treatment may be important in the management of body weight and/or prevention of obesity its respective associated diseases.
3.2. Effect of enzyme treatment on the residue remaining after extraction of soluble phenolics (Experiment II) 3.2.1. Total phenolic content The effect of enzyme treatment and alkali hydrolysis on the residue remaining after extraction of soluble phenolics is shown in Table 3 . Both enzymes were able to release phenolics from their insoluble-bound form, which is helpful in explaining the change in the ratio of soluble to insoluble-bound phenolics as was demonstrated in the first experiment. Viscozyme treatment rendered a higher extraction when compared to Pronase, but lower than those found in the sample hydrolyzed with NaOH. This lends support to the results found in the first experiment that showed an increase in the extraction yield of soluble phenolics but the efficiency was not 100%. In terms of biological application this means that regardless of the treatment (in the starting material or in the residue remaining after extraction of soluble phenolics), some phenolics remain in the insoluble-bound phenolics fraction and will be bioaccessible for microbial action in the colon (Chandrasekara & Shahidi, 2012) .
Identification and quantification of phenolic compounds
The data presented thus far demonstrated the ability of Pronase and Viscozyme in improving the extraction of phenolics and potential positive effect in terms of health benefits. Winemaking byproducts serve as good sources of phenolic compounds such as phenolic acids, monomeric flavonoids and proanthocyanidins . In the present study, the major phenolic compounds were tentatively or positively identified and quantified in the samples in the second experiment in order to explain the effects of enzyme treatment on a molecular level (Table 4) . pCoumaric, gallic, and caffeic acids, as well as catechin and epicatechin, were positively identified by comparison of their retention times, ion fragmentation patterns with authentic standards, and previous studies (Alshikh et al., 2015; Ayoub et al., 2016; de Camargo, Regitano-d'Arce, Gallo, & Shahidi, 2015; . Isorhamnetin was tentatively identified due to its deprotonated molecular ion at 315 m/z and 271 m/z in MS 2 (Hamed et al., 2014) . p-Coumaric and caffeic acids, as well as procyanidin dimer B were not found in samples upon Pronase treatment and only traces of epicatechin and isorhamnetin were detected. Gallic acid is one of the major phenolic acids found in winemaking by-products . The treatment with Viscozyme rendered twice the concentration of gallic acid when compared to Pronase, whereas the content of catechin was 14 times higher in samples extracted with Viscozyme as compared to Pronase. Furthermore, the efficiency of Viscozyme in extracting prodelphinidin dimer A was 58% when compared with the chemical extraction (NaOH). As mentioned before, insoluble-bound phenolics are linked to cell wall carbohydrates and proteins. The absence of p-coumaric and caffeic acids, as well as procyanidin dimer B, in extracts obtained upon Pronase treatment, and the presence of such compounds in extracts obtained with Viscozyme, suggest that these compounds may be linked to carbohydrates rather than to proteins.
p-Coumaric acid exhibited in vitro and in vivo antiplatelet activity (Luceri et al., 2007) . Aflatoxins, which can be found in food products such as peanuts and even milk (de Camargo et al., 2012b; Santili et al., 2015) can cause hepatotoxicity. Caffeic acid phenethyl ester, a caffeic acid derivative, was able to protect AFB1-induced hepatotoxicity in rats (Akçam et al., 2013) . Rich sources of proanthocyanidins and simple phenolics have been used to fortify food products and increase the ingestion of dietary phenolics (de Camargo and Vidal et al., 2014; Ma, Kerr, Swanson, Hargrove, & Pegg, 2014; Zhang, Chen, & Wang, 2014) . Proanthocyanidins are among the major components of insoluble-bound phenolics in winemaking by-products . However, only soluble proanthocyanidins are bioaccessible in the small intestine. Upon microbial action, insoluble-bound proanthocyanidins may be catabolized in the colon, but this depends on the degree of polymerization of such compounds. Furthermore, it has been suggested that the bioavailability of proanthocyanidins decreases with increasing degree of polymerization . The presence of procyanidin B1 has been detected in human serum, which has been attributed to consumption of grape seed extract (Sano et al., 2003) . Thus, the presence of pcoumaric and caffeic acids, as well as procyanidin dimer B, which were not found in extracts obtained upon Pronase treatment, may have health benefits. Furthermore, the present study demonstrates that not only the identity, but also the quantity of specific phenolics are dependent on the enzyme used. The effect of such differences on the in vitro bioactivity will be discussed in the following sections.
Antiradical activity and reducing power
The antioxidant activity and reducing power of extracts obtained upon enzyme or alkali treatment are shown in Table 3 . As demonstrated with TPC, the activity was in the order of extracts obtained with NaOH > Viscozyme > Pronase. Phenolics extracted with Viscozyme showed up to 2.7 higher antioxidant activity, which was found against hydroxyl radicals, as compared with phenolics extracted with Pronase. Hydroxyl radicals are generated in the presence of ferrous ions and hydrogen peroxide. The ability of phenolic compounds in scavenging hydroxyl radicals may be due to chelation of ferrous ion (Wettasinghe & Shahidi, 2000) , but electron donation and eventual neutralization of hydrogen per- Table 3 Total phenolic content, antioxidant activity, reducing power, and enzyme inhibitory activity of insoluble-bound phenolics of winemaking by-products upon extraction using enzymatic or alkali hydrolysis.
Pronase
Viscozyme NaOH
Total phenolic content (mg GAE/g DW) 13.87 ± 0.08Cb 24.70 ± 0.14Ba 237.7 ± 4.53A ABTS radical cation scavenging activity (lmol TE/g DW) 21.94 ± 0.30Bb 33.75 ± 0.58Ba 655.8 ± 20.4A DPPH radical scavenging activity (lmol TE/g DW)
25.54 ± 0.65Cb 56.96 ± 2.72Ba 516.9 ± 10.0A Hydroxyl radical cation scavenging activity (lmol CE/g DW)
18.27 ± 0.20Bb 49.05 ± 1.81Ba 337.8 ± 29.8A Reducing power (lmol TE/g DW)
11.96 ± 0.26Bb 17.71 ± 0.35Ba 562.5 ± 15.4A Inhibition of alpha-glucosidase activity (%)
7.35 ± 3.1Ba 7.79 ± 0.6Ba 70.7 ± 3.6A Inhibition of lipase activity (%)
9.71 ± 0.2Cb 24.9 ± 0.9Ba 90.1 ± 4.2A
Data represent mean values for each sample ± standard deviation (n = 3). Means followed by different capital letters within a row show difference among enzyme (Pronase or Viscozyme) and alkali treated samples (p < 0.05). Means followed by different small letters within a row show difference between Pronase and Viscozyme treated samples (p < 0.05). GAE, gallic acid equivalents; CE, catechin equivalents; TE, Trolox equivalents; and DW, dry weight of defatted sample. The inhibition of alpha-glucosidase and lipase activity was carried out with phenolic extracts at 50 mg/mL of defatted sample.
oxide generating water as the final product is also contemplated. In the present study, the ability of phenolic extracts in scavenging hydroxyl radicals was studied, but the capacity of phenolic extracts in scavenging hydrogen peroxide and their chelating capacity (Ayoub et al., 2016) has already been demonstrated; therefore, phenolic extracts obtained here may also be efficient in scavenging hydrogen peroxide or chelating ferrous ions, thus stopping/preventing the Fenton reaction by reacting with its reagents (hydrogen peroxide and ferrous ions), or products (hydroxyl radicals). Although extensive studies have been conducted with grapes, their products and by-products Tao et al., 2016; Weidner, Powałka, Karamać , & Amarowicz, 2012; Weidner et al., 2013) , a direct comparison with the literature is not possible. Extraction conditions such as solvent type and concentration, solid to solvent ratio, pH and temperature may not only render different yields of phenolic extracts but also different compounds may be extracted under specific conditions (Ayoub et al., 2016; de Camargo and Vieira et al., 2014) . Thus, in addition to the already mentioned factors, the present study demonstrated that the enzyme used for phenolic extraction should also be taken into consideration.
Inhibition of alpha-glucosidase and lipase activities
The inhibitory activity of phenolics extracts as affected by enzymatic (Pronase or Viscozyme) and alkali extraction is shown in Table 3 . Although lower when compared with phenolic extracts obtained with alkali extraction, Pronase and Viscozyme rendered extracts with improved capacity in inhibiting alpha-glucosidase and lipase activities. Phenolics extracted with Pronase inhibited alpha-glucosidase and lipase by 7.35 ± 3.1 and 9.71 ± 0.2%, respectively, whereas the respective inhibition of phenolics extracted with Viscozyme were 7.79 ± 0.6 and 24.9 ± 0.9%. Phenolic compounds are able to form complexes with proteins and this may be due to the formation of hydrogen bonds (de Toledo, Rocha, da Silva, & Brazaca, 2013) , or addition of nucleophiles to oxidized quinones (Kalyanaraman, Premovic, & Sealy, 1987) . The correlation of TPC with antioxidant activity and reducing power of different feedstock has been well documented (Augusto et al., 2014; Ayoub et al., 2016; da Silva, et al., 2016; . In the present study, positive correlations existed between TPC and the inhibition of alpha-glucosidase (r = 0.9389, p < 0.001) and lipase activity (r = 0.7300, p = 0.017), showing that not only the identity but also the concentration of phenolics from different sources should be taken into account.
Conclusion
The enzyme treatment of the winemaking by-products demonstrated that both Pronase and Viscozyme increased the amount of soluble phenolics while decreasing the content of insoluble-bound phenolics, with a concurrent increase in the ratio of soluble to insoluble-bound phenolics. ABTS radical cation, DPPH radical, and hydroxyl radical scavenging activities, reducing power, and inhibition of alpha-glucosidase and lipase activities were also increased. In addition, treatment of the fraction containing only the insolublebound phenolics, supported the data obtained in the first set of experiments and also demonstrated that specific molecules such as p-coumaric, gallic and caffeic acids, as well as catechin, epicatechin, isorhamnetin, procyanidin dimer B, and prodelphinidin dimer A were better extracted upon treatment with Viscozyme as compared to Pronase. Furthermore, the same trend was observed in the remaining methods used. The present work indicates that enzyme-assisted extraction should be further exploited for the development of functional food ingredients and or nutraceuticals. The antioxidant activity of food phenolics and their potential role in the prevention of several ailments have been well substantiated. Additionally, the positive effects by inhibiting the activity of alphaglucosidase and lipase, which are related to prevention and/or management of diabetes and obesity, respectively, were demonstrated here. Data represent mean values for each sample ± standard deviation (n = 2). Means followed by different letters within a row show difference among enzyme (Pronase or Viscozyme) and alkali treated samples (p < 0.05). Abbreviations are: nd, not detected; and tr, trace.
